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The role of MFG-E8 in cutaneous ischemia-reperfusion injury
A Uchiyama, K Yamada, S Ogino, Y Yokoyama, Y Takeuchi, O Ishikawa and S Motegi 
Department of Dermatology, Gunma University Graduate School of Medicine, Maebashi, 
Japan
We recently demonstrated that the secreted glycoprotein and integrin-ligand MFG-E8 promotes 
cutaneous wound healing by enhancing angiogenesis. Several recent studies have demonstrated 
that a potential role for MFG-E8 in regulation of ischemia-reperfusion (I/R) injury in brain, kidney 
and liver. However, the precise mechanisms and roles of MFG-E8 in I/R injury in skin are not well 
characterized. The objective of this study was to ascertain the role of MFG-E8 in the formation of 
skin ulcers using a murine model of cutaneous I/R injury; cutaneous pressure ulcer. Cutaneous 
I/R was performed by external application of two magnetic plates for 12 hours, followed by plate 
removal. Levels of MFG-E8 mRNA increased in the dermis during ischemia (2.5-fold compared 
with that before I/R), and then dramatically decreased after reperfusion (0.5-fold at 72 hours after 
reperfusion compared with that before I/R). To assess the role of MFG-E8 in cutaneous I/R injury, 
mice were treated with the subcutaneous injections of recombinant mouse (rm)MFG-E8 (0.4 μg/
wound) in I/R areas at the beginning of reperfusion. Administration of rmMFG-E8 significantly 
inhibited the formation of cutaneous pressure ulcer after I/R (60% of wound area in control mice at 
4 days after reperfusion), and the CD31+ vessel numbers and NG2+ pericytes in wound areas were 
significantly increased in I/R mice treated with rmMFG-E8. No significant changes in the number 
of infiltrating cells, including neutrophils and macrophages, or the mRNA levels of inflammatory 
cytokines, including MCP-1, iNOS, IL-6, TNF-α and IL-1β were observed in control and rMFG-E8 
treated I/R mice. We conclude that MFG-E8 might inhibit the formation of pressure ulcers induced 
by cutaneous I/R injury by regulating angiogenesis. Exogenous application of MFG-E8 might have 
therapeutic potential for cutaneous I/R injury, such as decubitus ulcers and Raynaud’s phenome-
non-induced digital ulcers.    
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Wounds with skin iron overload have increased susceptibility to and persistence of bacterial 
invasion
MS Tuttle, C Ammons, D Sprockett, P Mude and KQ Lu Dermatology, Case Western Reserve 
University, Cleveland, OH
Chronic venous leg ulcers (VLUs) are characterized by a combined pro-inflammatory immune 
response and high microbial burden. VLUs result from venous reflux disease leading to chronic red 
blood cell leakage from leg veins and accumulation of iron deposits in surrounding tissues. Iron is 
a critical micronutrient shown to enhance the growth of many microbes, but iron’s contribution 
to increased microbial burden in VLUs has not been explored. Here we utilized a previously 
described, physiologically relevant iron-overloaded (IO) murine system to determine iron’s influence 
on bacterial colonization in healing cutaneous wounds. C57BL/6 mice were injected with 5 mg 
iron dextran every 3 days for 21 days prior to wounding. IO wounds had a 23-fold higher bacterial 
burden than non-IO wounds (p=0.039, n=4) despite a 4-fold increase in pro-inflammatory TNFα 
expression (p=0.013, n=4). When wounds were inoculated with 103 Pseudomonas aeruginosa 
(hereafter referred to as PI), IO+PI wounds underwent 6 days of expansion compared to <3 days 
in IO and non-IO+PI wounds, suggesting that the combination of iron and P. aeruginosa was syn-
ergistically detrimental to cutaneous healing. To determine the effect of iron overload on bacterial 
communities, microbiome analysis was performed on IO and non-IO wounds +/- PI over the course 
of healing using next-generation DNA sequencing of the 16S RNA gene. At day 3 after wounding, the 
microbiome of the IO+PI wounds exhibited 32% relative abundance (RA) of P. aeruginosa compared 
to only 2% RA in non-IO+PI wounds (p=0.02, n=5). P. aeruginosa then remained elevated until 
day 12 in IO+PI wounds, compared to <1% RA after day 3 in non-IO+PI wounds. Intriguingly, IO 
wounds also harbored a higher RA of native Staphylococcus spp. (38% vs. 8% in non-IO wounds 
at day 6, p=0.04, n=5). Taken together, these data suggest iron plays an important role in facilitating 
the susceptibility to and persistence of bacterial invasion in chronic wounds, and therefore, targeting 
the removal of iron represents a novel therapeutic opportunity.    
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New approach to personalized medicine: Use of predictive biomarkers for healing outcomes 
in diabetic foot ulcers
S Patel,1 O Stojadinovic,1 DJ Margolis,2 I Pastar,1 N Yin,1 R Kirsner1 and M Tomic-Canic1 1 
Wound Healing & Regenerative Medicine Research Program, University Of Miami, Miami, 
FL and 2 Perelman School Of Medicine, University Of Pennsylvania, Philadelphia, FL
Diabetic foot ulcers (DFUs) represent a major clinical challenge with high morbidity, mortality, and 
cost. In spite of use of standard of care (removal of necrotic tissue, wound bed preparation, treatment 
of infection, and off- loading) more than 45% of patients with DFUs don’t heal. Thus, developing 
quantifiable, tissue specific biomarkers that can identify likelihood of healing of DFUs can lead to a 
paradigm shift in DFU treatment protocols. We identified previously that induction of c-myc inhibits 
wound healing and keratinocyte migration in chronic wounds. Here we investigated if c-myc can 
be used as prognostic biomarkers for DFUs to differentiate likely-to-heal from less-likely-to-heal 
DFUs. We conducted a prospective clinical study in which wound edge specimens were collected 
at the initial visit (W0) and after 4 weeks (W4) of standard care. The extent of wound closure at 
W4 was used as a surrogate outcome of healing: wound reduction of >50% at W4 was considered 
a healing wound. Of 35 enrolled patients 20 had complete 4-week clinical and histological data. 
Nuclearization of c-myc was quantified by immunohistochemistry. Four independent investigators 
quantified presence of c-myc blinded to the clinical outcome. We found that either no change or 
increase in c-myc nuclearization correlates with less-likely-to-heal outcome at W4 (p=0.01), vali-
dating c-myc as a biomarker. We also studied the relationship of c-myc at baseline with healing and 
found samples having c-myc nuclear presence in >39% of cells had a 97.7% probability of being 
less-likely-to-heal. Assessment of c-myc at baseline with or without 4 week follow-up evaluation 
can be used to identify individuals less-likely-to-heal and cater more aggressive interventions for 
ultimately improved outcomes and utilization of resources.    
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Knockout of GM3 synthase prevents footpad and periwound denervation while normalizing 
pain responses in diabetic mice
AS Paller,1 D Menichella,2 H Wilson1 and J Wilson1 1 Dermatology, Northwestern Univ, 
Chicago, IL and 2 Neurology, Northwestern Univ, Chicago, IL
Small fiber neuropathy is a well-recognized complication of type 2 diabetes and has been blamed for 
both the painful hyperalgesia and the tendency to develop chronic foot ulcers. Diet-induced obese 
(DIO) diabetic mice similarly experience poor wound healing and hyperalgesia in response to pedal 
stimuli, as shown by von Frey testing. In previous studies we have demonstrated full reversal of the 
diabetic wound healing impairment in DIO mice depleted of ganglioside GM3 by knockdown of 
GM3 synthase (GM3S). GM3S-/- keratinocytes show increased proliferation, migration, and activa-
tion of the insulin/ IGF-1 receptor signaling axis, both in vitro and in the mouse wounds. However, 
the possibility that depletion of GM3 could also ameliorate cutaneous diabetic neuropathy has 
not been explored. Obesity was induced in GM3S knockout mice and their normal GM3S+/+ (WT) 
littermates by administration of a high fat (60%) diet for at least 10 wks (mean weights: WT DIO, 
33.4 g; GM3S-/- DIO, 34.2 g; WT regular diet (RD) 24.4 g, p<0.001). Despite obesity and interme-
diate fasting glucose levels, 2-hour glucose tolerance testing and fed insulin levels were normal 
in the GM3S-/- mice. By von Frey testing of their footpads, WT DIO mice showed profound tactile 
allodynia, a sign of small fiber neuropathy, in comparison with GM3S-/- DIO and WT RD mice (50% 
withdrawal threshold: 0.2 mN in WT DIO vs. 1.1 mN in GM3S-/- DIO and WT RD mice; p<0.001). 
Thermal sensitivity, which is normal in WT DIO mice, was unaltered in GM3S-/- DIO mice. Z-stack 
confocal images after PGP9.5 staining showed epidermal and dermal denervation in both footpad 
and wounded back skin of WT DIO mice; cutaneous innervation was fully preserved in mice by 
GM3S knockout and GM3 depletion. These studies suggest that ganglioside GM3 is a critical medi-
ator of diabetic neuropathy in skin and that systemic or topically applied interventions to deplete 
GM3 may improve both the painful neuropathy and the wound healing impairment of diabetes.   
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Inducing hair follicle neogenesis by defined extracellular factors
S Fan,1 C Yen,1,2 W Wang1 and S Lin1,2,3 1 Institute of Biomedical Engineering, National 
Taiwan University, Taipei, Taiwan, 2 Department of Dermatology, National Taiwan 
University Hospital and College of Medicine, Taipei, Taiwan and 3 Research Center for 
Developmental Biology and Regenerative Medicine, National Taiwan University, Taipei, 
Taiwan
When skin is wounded, it tends to repair with fibrosis without regeneration of associated append-
ages. To regenerate functional skin, we asked whether skin appendage regeneration can be facili-
tated by defined extracellular factors. We screened and searched for such extracellular factors from 
various states with varied tissue extraction protocols. We found that only extraction from a specific 
developmental stage was able to induce hair follicle neogenesis in adults. Such pro-regeneration 
effect worked through regulating adult fibroblasts to initiate their cross-talk with keratinocytes for 
hair follicle neogenesis. In further analysis, we discovered several extracellular factors that together 
were sufficient to initiate hair follicle neogenesis. Therefore, skin appendage neogenesis can be 
facilitated by creating a pro-regeneration environment with defined extracellular factors. Such factors 
can integrated with other approaches to enhance functional skin regeneration.    
757
Bullous pemphigoid antigen proteins regulate the localization of traction forces generated 
by keratinocytes
S Hiroyasu and J Jones School of Molecular Biosciences, Washington State University, 
Pullman, WA
Hemidesmosomes stably adhere keratinocytes to laminin in the basement membrane zone in intact 
skin. In contrast, in a migrating keratinocyte in vivo and in vitro, hemidesmosomal protein complexes 
regulate cell polarity and migration. They localize to the base of the lamelliopodium at the leading 
front edge of a moving cell, immediately subjacent to or intermixed with focal adhesions/contacts. 
The latter produce the traction forces necessary to move a cell forward, but whether hemidesmo-
somal protein complexes contribute to the regulation of such traction forces is unknown. The goal 
of the current study was to assess whether two components of hemidesmosomes, namely the BP 
antigens (BP180 and BP230) are involved in the transmission of forces to the matrix underlying 
keratinocytes. To do so, we plated normal, BP180- or BP230-deficient human keratinocytes onto 
matrix-coated acrylamide gels embedded with fluorescent beads. We compared the displacement 
of beads in the gel by the different cells and prepared maps of traction forces exerted by individual 
cells on their substrate. Overall, the forces exerted by all three cell types on matrix are comparable 
and are significantly inhibited following treatment of the cells with the actin cytoskeleton disruptor 
blebbistatin. However, intriguingly, there are differences in the localization of the forces in each cell 
type. In migrating normal keratinocytes, traction forces are arrayed along the leading edge of the cells 
within the borders of their lamellipodia, close to the site of both focal adhesions and hemidesmo-
somal protein complexes. On the other hand, in BP180- or BP230-deficient keratinocytes, traction 
force foci are not concentrated along the cell edge with some foci being found towards the cell 
center. In conclusion, although BP antigen proteins do not appear to modulate the magnitude of 
traction force generation by keratinocytes, they contribute to traction force production by localizing 
the sites where force is generated, consistent with their role in directed migration.    
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Genes and microRNAs regulating human skin pigmentation: Bioinformatics model and study 
on engineered tissue
J Botto, C Serre, C Capallere, C Plaza, L Bergeron and N Domloge Ashland INC, Sophia 
Antipolis, France
Human skin pigmentation involves the two main cell types of the epidermis: melanocytes and 
keratinocytes. Melanocytes synthetiz,e melanin with the help of melanogenic enzymes such as 
tyrosinase and transfer it into basal keratinocytes, packed into melanosomes. Melanin is an excellent 
photoprotectant able to absorb harmful solar UV irradiation and determines the phenotypic appear-
ance of skin. Once in keratinocytes, melanosomes are organized as supramolecular caps, playing 
the highly essential role of protecting cell nuclei from UV. As the keratinocyte undergoes terminal 
differentiation, melanosomes are degraded by controlled autophagy so that no melanosomes are 
visible in the very upper part of the epidermis. With the goal of studying the regulation of human 
skin pigmentation, we established a bioinformatics model taking into account several processes: 
melanocyte signaling pathways involved in the transcriptional regulation of melanogenic enzymes; 
tyrosinase and related enzymes; melanosomal packaging and tranfer; autophagic melanin scaveng-
ing in keratinocytes; and inflammation. The major microRNAs described as potential controllers 
of human pigmentation were added to the model. In order to validate this model, we used 3D 
reconstructed epidermis containing both keratinocytes and melanocytes, and we applied model 
compounds (kojic acid) known for their property to reduce skin melanin level. The expression level 
of specific genes and microRNAs was investigated by RT-qPCR, following treatment.    
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Nicotinic Acetylcholine Receptor (nAChR)-mediated cooperation of SLURP-2 and pro-epi-
thelialization growth factors
A Chernyavsky, V Galitovskiy and SA Grando University of California, Irvine, CA
Previous observations of profound effects on epithelialization of secreted mammalian Ly-6/uro-
kinase-type plasminogen activator receptor-related protein (SLURP)-2 have established a novel 
paradigm of auto/paracrine regulation of epithelial barrier maintenance and repair. SLURP-2 binds 
to and signals predominantly through α3 and α9 nAChR subtypes. The Slurp2 knockout (KO) mice 
feature thinning of skin and oral epidermis, consistent with an arrested growth and premature differ-
entaition of keratinocytes (KCs). Slurp2 KO mice and wild type (WT) littermates received uniformed 
cutaneous and buccal excisional wounds and either left intact or treated daily with microinjections 
of saline containing 0.1, 0.5 or 1 μg/ml of recombinant (r)SLURP-2. The epithelialization rate of 
skin and oral wounds was altered in a similar way showing a significant (p<0.05) delay which 
could be corrected by rSLURP-2 in a dose-dependent way, indicating that auto/paracrine SLURP-2 
is indispensible for normal epithelialization. Treatment with FGF-2 had only limited effect on the 
rate of epithelialization in Slurp2 KO compared to WT mice, suggesting the existence of binary 
physiological system wherein SLURP-2 and FGF-2 function synergistically to restore and maintain 
mucocutaneous barrier. To test this hypothesis, we screened growth factors that had been reported 
to accelerate lateral migration of human KCs in vitro and found that a combination of rSLURP-2 
with FGF-2 or HGF increased migration distance above the levels established for each agent given 
alone. To identify the nAChR subtype(s) that could mediate these synergistic interactions, we inves-
tigated how targeted mutation of α3 or α9 nAChR affects the ability of murine KCs to crawl faster 
in response to a mixture of rSLURP-2 with HGF or FGF-2. The results demonstrated that functional 
α3 was required for accelerated migration in response to a mixture of SLURP-2 and FGF-2, whereas 
α9—for the migratory response to a mixture of SLURP-2 and HGF. These nAChRs mediated coop-
eration of SLURP-2 and growth factors.    
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Diminished catecholamine stress response in adipose-derived mesenchymal stem cells
R Dasu,1 S Ramirez,1 T DinhLa,1 M Chigbrow,1 T Peavy,1 J Nolta2 and R Isseroff1 1 
Dermatology, UC Davis, Davis, CA and 2 Institute Regenerative Cures, UC Davis, Davis, CA
Stress, acute or chronic, results in elevation of systemic catecholamines (CATs) with multiple adverse 
effects, including impaired healing. Skin wounds themselves generate CAT, further impairing heal-
ing. Mesenchymal stem cells, adipose or bone marrow-derived (A-MSC, or BM-MSC), contribute 
to healing, and are being developed as treatments for chronic wounds. How MSC are affected by 
local and systemic stress CATs is not known. We isolated human BM-or A-MSC (passage1-5, 4 
donors) with confirmed adipogenic/osteogenic differentiation potential to test for MSC ability to 
respond to CAT ligands. We demonstrated that mRNA for all α and β adrenergic receptor isoforms 
(except ADRB1) are expressed by MSC, and maintained through p5 in culture. When challenged 
with either epinephrine (EPI) or norepinephrine (NE) (50-1000nM), BM-MSC responded with 40 
fold higher secretion of pro-inflammatory IL-6 than A-MSC (23 vs 0.6 pg/μg cell protein, p<0.05). 
Bacteria, via ligation of MSC Toll like receptors (TLR), can also induce secretion of IL-6, and Staph 
aureus (heat killed, HKSA) increased IL-6 generation 5-fold by both A-and BM-MSC. Direct activa-
tion of MSC TLR by their cognate ligands (LPS or MALP2) also resulted in increased IL-6 generation, 
albeit lower magnitude (~2-fold). Bacteria and their TLR ligands can also exacerbate the healing 
process by inducing the generation of CATs that negatively feed-back into the system. Generation 
of CATs EPI and NE by MSC require CAT synthetic enzymes tyrosine hydroxylase and phenyletha-
nolamine-Nmethyltransferase, and these were confirmed to be present in both A-and BM-MSC, and 
their expression was upregulated by exposure to HKSA or TLR ligands. HKSA or MALP2 induced 
the generation of both EPI and NE by MSC, but the response in BM-MSC was significantly higher 
than that of A-MSC (238 vs 115 pg/μg protein p <0.05). Thus, while both A- and BM-MSC respond 
to wound CAT with pro-inflammatory responses, A-MSC have a diminished response, suggesting 
that A-MSC may be a better choice for engineering wound repair strategies.    
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IFN-γ inhibits keratinocyte migration in vitro and may contribute to slower wound healing 
in adult human skin
AC Berkowitz,1 H Mitsui,2 J Chen,3 H Fujita,1 J Krueger,2 DP Poppas,3 D Felsen3 and 
JA Carucci1 1 Dept. of Dermatology, NYU Med. Ctr., NY, NY, 2 Lab for Invest. Derm., 
Rockefeller Univ., NY, NY and 3 Inst. for Ped. Urology, Weill Cornell Med. Ctr., NY, NY
It is well-known that pediatric wounds heal better and more efficiently than those of adults. Millions 
of older patients suffer from chronic wounds every year, and it is thought that derangements within 
the pathway of wound healing may be likely contributors. Interferon-γ (IFN-γ) has been shown to 
inhibit wound healing by decreasing the deposition of collagen by fibroblasts. We sought to identify 
other mechanisms through which IFN-γ may impact wound healing and how it might specifically 
relate to adults. Using pediatric foreskins and normal adult human skin from surgical discard, we 
isolated epidermal Langerhans cells (LC) in acutely wounded skin samples and measured the degree 
of polarization toward IFN-γ producing CD8+ T cells with flow cytometry. We also examined the 
effect of IFN-γ on human keratinocyte migration using an in vitro scratch assay. We found that LC 
in adult skin samples favor polarization toward IFN-γ producing CD8+ T cells compared to those 
in pediatric wounded skin (59.9% of all T cells present vs. 6.95%). Using the HaCaT cell line, 
we found that at 40 hours post-scratch, control gaps were 97.3% closed. IFN-γ caused a marked 
dose-dependent decrease in migration rate, with cells treated with 20ng/mL acheiving only 32.7% 
closure (Rate closure: control, 28,075 pixels/hour; IFN-20, 10,158; p<0.0001, n=4). Thus, while 
IFN-γ is known to inhibit collagen deposition, we now provide an additional mechanism, inhibition 
of keratinocyte migration, by which IFN-γ may inhibit wound healing. Furthermore, the presence of 
increased numbers of IFN-γ producing T cells, due to polarization by LC in adult skin, may contribute 
to decreased wound healing in adults. Targeting IFN-γ could potentially be used as a novel form of 
therapy for chronic, difficult-to-treat wounds in adults.    
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Chromatin remodeler and special AT-rich binding Satb1 protein regulates epidermal regen-
eration during wound healing via modulation of cell migration and apoptosis
V Emelianov,1,2 M Ahmed,3,4 T Sharova,1 A Mardaryev,4 M Fessing,4 A Sharov1 and 
VA Botchkarev1,4 1 Dermatology, Boston University, Boston, MA, 2 Pharmacology, Chuvash 
State University School of Medicine, Cheboksary, Russian Federation, 3 Dunn School of 
Pathology, University of Oxford, Oxford, United Kingdom and 4 Centre for Skin Sciences, 
University of Bradford, Bradford, United Kingdom
Chromatin remodeller and special AT-rich binding protein Satb1 plays an important role in the 
control of expression of keratinocyte-specific genes and is required for the maintenance of their 
transcriptionally active chromatin structure (J Cell Biol, 2011, 194, 825). Satb1 is expressed in 
basal epidermal keratinocytes of normal epidermis, while its expression is markedly downregu-
lated in hyperproliferative skin epithelium during wound healing. To study the role of Satb1 in the 
control of epidermal regeneration, transgenic (TG) mice overexpressing Satb1 under control of 
Dox-inducible K14 promoter (K14-rtTA/TRE-Satb1) were generated. TG mice showed significant 
retardation of the wound healing process accompanied by the decrease of the length and area of 
hyperproliferative epithelium compared to controls. However, cell proliferation in regenerating 
epidermis was not altered in TG mice versus the controls. In contrast, TG mice showed significant 
increase in the number of TUNEL+ apoptotic cells in the hyperproliferative epithelium compared 
to controls. Also, primary keratinocytes isolated from TG mice showed significant retardation of 
migration compared to non-TG keratinocytes. Furthermore, ChIP-seq and microarray data revealed 
that a large number of the motility-associated genes encoding the essential components of the cell 
migration machinery (myosins, troponins, etc.) serve as direct Satb1 targets in keratinocytes. Thus, 
Satb1 downregulation serves as a part of the genetic program controlling epidermal regeneration 
during wound healing, while Satb1 targeting might be used as a novel approach to improve skin 
regeneration in chronic wound conditions.    
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Tcf3 promotes cell migration and wound repair through regulation of lipocalin 2
Q Miao,1 A Ku,1 Y Nishino,1 J Howard,1 A Rao,1 TM Shaver,1 GE Garcia,1 DN Le,1 KL Karlin,2 
TF Westbrook,2 V Poli3 and H Nguyen1 1 Molecular and Cellular Biology, Baylor College 
of Medicine, Houston, TX, 2 Molecular and Human Genetics, Bay, Houston, TX and 3 
Molecular Biology, University of Turin, Turin, Italy
Cell migration is an integral part of re-epithelialization during skin wound healing, a complex 
process involving molecular controls that are still largely unknown. Here we identify a novel role 
for Tcf3, an essential transcription factor regulating embryonic and adult skin stem cell functions, 
as a key effector of epidermal wound repair. We show that Tcf3 is upregulated in skin wounds 
and that Tcf3 overexpression accelerates keratinocyte migration and skin wound healing. We also 
identify Stat3 as an upstream regulator of Tcf3 in response to wounding stimuli. Mechanistically, 
we show that the pro-migration effects of Tcf3 are non-cell autonomous and occur independently 
of its ability to interact with the canonical Wnt effector β-catenin. Finally, we identify Lipocalin-2 
downstream of Tcf3 as the key secreted factor that promotes cell migration in vitro and wound 
healing in vivo. Our findings provide new insights into the molecular controls of wound-associated 
cell migration and identify potential therapeutic targets for the treatment of defective wound repair.   
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Double stranded RNA and TLR3 initiates hair follicle neogenesis after wounding
AM Nelson,1,3 AS Katseff,1 TS Ratliff,1 SR Resnik,1 AJ Whittam,1 L Miller1,2 and L Garza1,2 1 
Dermatology, Johns Hopkins School of Medicine, Baltimore, MD, 2 Johns Hopkins Wound 
Center, Bayview Medical Center, Baltimore, MD and 3 Dermatology, The Pennsylvania State 
University College of Medicine, Hershey, PA
Adult organogenesis is a goal of regenerative medicine and can be studied in mini-organs such as 
hair follicles. Wound-Induced Hair follicle Neogenesis (WIHN), which recapitulates embryogenesis, 
can occur after skin wounding in adult mice. The initial wound-induced signals that initiate and 
regulate WIHN are unknown. Therefore, we investigated the key early factors and the essential 
mechanisms occurring prior to hair follicle neogenesis that are responsible for the induction of 
WIHN in the healing wounds. Gene microarray analysis, in wild type (WT) mice revealed that 
WIHN is significantly correlated to a TLR3 signaling signature (p<0.001). In addition to viral dsRNA, 
current models postulate that host dsRNA released from damaged keratinocytes following skin injury 
activates TLR3 signaling. Consistent with this, increased damage with minute perpendicular cuts 
along the wounded edge induced 4-fold higher WIHN compared with a single straight cut in WT 
mice (p<0.01). Furthermore, synthetic TLR3 agonist, poly(I:C), injected into the healing wound in 
WT mice increased WIHN by 3-fold compared to control (p<0.01).This process was dependent 
upon dsRNA since topical application of RNase III, which degrades dsRNA, significantly decreased 
WIHN compared to control (p<0.05). WIHN was almost completely absent in TLR3 KO mice 
when compared to WT mice (p<0.05) and addition of poly(I:C) did not impact WIHN in TLR3 KO 
mice. Finally, downstream TLR3 signals, IL-6/STAT3 and TAp63, were each significantly activated 
(p<0.05) during wounding and required for WIHN through a mechanism that involves the activation 
of Wnt and Shh pathways (p<0.05). Together, these data link TLR3 activation to the earliest events 
of tissue damage and later hair follicle neogenesis, providing a new therapeutic target to promote 
hair follicle regeneration.    
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A role for the calcium-binding protein Calm4 in cell migration and wound healing
JC Lessard,1 A Kalinin,1 M Stepp2 and M Morasso1 1 Laboratory of Skin Biology, NIH, 
NIAMS, Bethesda, MD and 2 Department of Anatomy and Cell Biology, George Washington 
University Medical School, Washington, DC
Calmodulin 4 (Calm4) is a 16 kDa EF-hand containing, calmodulin-like protein expressed constitu-
tively in stratified epithelia, including the skin, tongue, and oral epithelium. In the epidermis, Calm4 
is confined to the cytoplasm of the differentiating spinous and granular layers. High intra- and extra-
cellular Ca2+ levels increase Calm4 expression in keratinocytes and favor a nuclear accumulation of 
Calm4 both in vitro and in vivo. In addition, Calm4 interacts with several other proteins, including 
calreticulin, 14-3-3 sigma, and annexin V, in a Ca2+-dependent manner. However, the biological 
importance of these binding events has yet to be elucidated. Previous studies demonstrated an 
increased expression of Calm4 in response to epidermal barrier disruption by tape stripping as well 
as high levels of its human homolog Calml5 during the restoration phase of full-thickness wounds. 
In this study, we characterize a new mouse model lacking Calm4 and explore the physiological 
relevance of Calm4 in keratinocyte migration and wound healing.    
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Cellular communication through adipose derived stem cells
E Loing1 and C Bezivin2 1 Research and Development, Lucas Meyer Cosmetics, Quebec, QC, 
Canada and 2 Lucas Meyer Cosmetics, Champlan, France
Recent studies on reconstructive surgery show that Adipose Derived Stem Cells (ADSC) are able 
to produce growth factor and thus contribute to tissue repair through intercellular exchange phe-
nomenon. A transcriptional study on human adipocytes has permitted to select a natural molecule 
belonging to iridoids family, SWT, for its interesting results on transcriptional effects. We found 
that this molecule was able to induce genes involved in the regulation of the differentiation process 
of uncommitted mesenchymal stem cells, privileging self-renewal and therefore limiting the rate 
of adipocytes differentiation. We also demonstrated that this molecule stimulated subcutaneous 
adipocytes-microenvironment signals, sending epidermal regeneration signal through FGF7/KGF. 
KGF (keratinocyte growth factor, autocrine and paracrine signaling factor) is supposed to induce 
adipocytes stem cells preservation (autocrine) and to stimulate epidermis formation and keratino-
cytes proliferation (paracrine). The relationship and communication between adipocytes and kera-
tinocytes were confirmed through in-vitro studies using adipocytes and keratinocytes cultures and 
healing process models. We demonstrated the efficiency of the SWT molecule on KGF expression 
and on indirect keratinocyte proliferation and tissue regeneration. This new mechanism of action, 
through the stimulation of adipose-derived stem cells has been described and validated as a key 
target in the treatment of skin renewal disorders caused by a decrease of growth factor with age.   
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The levels of SNAI2 expression controls epidermal stem and progenitor cell fate
G Sen, D Mistry and Y Chen Medicine, University of California, San Diego, La Jolla, CA
Adult stem and progenitor cells act to replenish the tissue they reside in for the life of the animal. 
These cells balance self-renewal, proliferation, and differentiation to maintain homeostasis as well 
as respond to injury. The molecular mechanisms underlying how adult stem cells maintain them-
selves in an undifferentiated state is still unclear and is an active area of research. Surprisingly, it 
was recently reported that epithelial to mesenchymal transition transcription factors (EMT-TFs), 
which are known primarily for their roles in mediating tumor invasion, are important for the gener-
ation of adult mammary epithelial stem cells although the underlying mechanisms remain unclear. 
Here we demonstrate how EMT-TFs promote stemness in epithelial cells. The EMT-TF, SNAI2 is 
expressed predominantly in the progenitor cells residing in the basal layer of the epidermis. Upon 
differentiation SNAI2 expression is downregulated. Ectopic expression of SNAI2 inhibits epider-
mal differentiation and promotes stemness. Loss of SNAI2 results in premature differentiation of 
progenitor cells in the basal layer of the epidermis. To determine the mechanism of SNAI2 action, 
chromatin immunoprecipitation followed by high-throughput sequencing (ChIP-Seq) was performed 
to determine SNAI2 binding sites. To inhibit differentiation in progenitor cells, SNAI2 binds to epi-
dermal differentiation gene promoters to repress their expression. Higher expression of SNAI2 leads 
to increased binding to the same promoters resulting in further transcriptional silencing leading to 
dedifferentiation and increased stemness. In contrast, decreased SNAI2 expression during epidermal 
differentiation results in loss of binding to the same sites and increased expression of differentiation 
genes. Thus, the levels of SNAI2 binding to genomic targets determines the differentiation status 
of epithelial cells with increased levels promoting progenitor function and low levels inducing 
differentiation. These results provide an explanation for how EMT-transcription factors can promote 
the stem cell state in epithelial cells.    
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Epidermal nicotinic acetylcholine receptor activation impairs toll-like receptor 2 responses 
during wound infection
M Kishibe, TM Griffin and KA Radek Surgery, Burn and Shock Trauma Research Institute, 
Loyola University Chicago, Maywood, IL
Cutaneous wound healing responses rely, in part, on Toll-like receptor-2 (TLR-2) to promote re-epi-
thelialization and antimicrobial peptide (AMP) production to prevent infection. Elevated TLR-2 have 
also been implicated in the pathogenesis of chronic wounds in diabetic humans and mice. We 
previously found that both physiological stress and nicotine exposure increase microbial suscepti-
bility by suppressing keratinocyte AMPs through the selective activation of epidermal α7 nicotinic 
acetylcholine receptors (nAChRs). Therefore, we hypothesized that epidermal nAChR activation 
dampens TLR-2 signaling in human and murine wounds, and that these responses alter bacterial 
clearance. First, normal human epidermal keratinocytes monolayers were wounded by a pipette 
tip, and exposed to nicotine in the presence or absence of Macrophage Activating Lipoprotein-2 
(MALP-2, a TLR2/6 agonist) from 3-24 hours. Keratinocyte migration and TLR-2 responses were ana-
lyzed by scratch assay, Western blot and ELISA. Nicotine significantly attenuated TLR-2-mediated 
keratinocyte migration and IL-8 and IL-6 cytokine production (p<0.05), which was reversed by the 
α7 selective nAChR antagonist. Nicotine also suppressed the phosphorylation of cytoplasmic Erk1/2 
and nuclear NF-κB. Next, C57Bl/6 (WT) or diabetic mice (Db/db) were topically treated with 1nM 
nicotine for three days. Mice were then wounded and topically infected S. aureus MRSA. Wound 
TLR-2 levels, bacterial survival, and dissemination into the kidney were assessed after 24 hours. 
Topical nicotine reduced wound TLR-2 protein levels in both WT and Db/db mice (p<0.001). Fur-
thermore, topical nicotine increased MRSA survival and dissemination in WT mice, but decreased 
that in Db/db mice (p<0.03). In conclusion, α7 nAChR activation dampens TLR-2-mediated innate 
immune responses in normal wounds. However, α7 nAChR activation in chronic wounds with 
excess inflammation (i.e. Db/db) may be beneficial to reduce TLR-2 levels to promote healing and 
bacterial clearance.    
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Identification of unique gene expression profiles in older women with youthful appearing skin
R Spitale,1 R Li,1 E Torre,1 DG Kern,2 H Knaggs2 and AS Chang1 1 Dermatology, Stanford 
University School of Medicine, Redwood City, CA and 2 NuSkin International, Provo, UT
The genetics and epigenetics of healthy skin aging into older age are not well understood. The 
purpose of this study was to identify gene expression profiles of older women with youthful-ap-
pearing skin. After Stanford IRB approval, 118 females of European descent, aged 18-93 years with 
Fitzpatrick Skin Type I/II consented to punch biopsies of the skin on the sun-protected arm and 
sun-exposed cheek. Individuals who had used anti-aging medications or had undergone cosmetic 
procedures were excluded. Covariates considered include cumulative sun exposure and smoking 
history. The skin samples were subjected to 3’-end sequencing for expression quantification (“3-
seq”). Skin appearance was rated for skin aging parameters including wrinkling and texture by a 
dermatologist blinded to chronological age. Unbiased clustering revealed a distinct gene expression 
signature comprising 286 genes and long non-coding RNAs that were significantly altered in older 
women with youthful-appearing skin compared to women without this phenotype. Gene ontology 
terms of transcript levels most significantly altered in young-appearing skin included cytoskeletal 
organization and phosphorylation (p<10-5). Gene expression results were compared with whole 
genome DNA methylation results by reduced-representation bisulfite sequencing, and two genes 
were found to be both differentially expressed and methylated. These data suggest that intrinsic skin 
aging may occur at a different rate in different individuals, and represent a unique molecular profile 
of healthy skin aging that may be used to assess the efficacy of topical agents or oral supplements 
to retard or reverse skin aging.    
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Recovery and cultivation of keratinocytes from shipped mouse skin
H Yang, Z Gurenko, P Steenhuis, W Liu and RR Isseroff Dermatology, UC Davis, Davis, CA
Transgenic mouse models are useful to study keratinocyte biology. However, improved methods 
for shipping transgenic tissues are needed to obtain viable cells from tissues that are only available 
at distant locations to decrease the cost of shipping live animals. Here we developed a method for 
shipping of neonatal mouse skin for subsequent isolation and culture of keratinocytes. Neonatal skin 
tissue was kept on ice for 48-72 hours to mimic conditions of long-distance shipment, submerged 
in medium (calcium-free EpiLife (Life Tech. NY) supplied with 20uM Ca2+, human keratinocyte 
growth supplements, 10ng/mL EGF, 10^-10M cholera toxin, 1x antibiotics) containing 20% fetal 
bovine serum. Cells derived from these “shipped” skins had similar viability (61% in control vs 72% 
in shipped cells, no significant difference), morphology, and proliferation profiles as those derived 
from non-shipped control skins that were immediately harvested after sacrifice of the animals. The 
shipped cells grow slightly faster in the passage 0 (population doubling time 2.3 days in control vs 
1.7 days in shipped cells, p<0.05, 5 days post plating) and at passage 1, the population doubling 
time of control and shipped cells are similar at 3.7 days 5 day post plating. By examining the protein 
markers with the flow cytometry on the passage 1 cells at day 5 post plating, the shipped keratino-
cytes express similar levels of the stemness markers, beta-1 integrin and CD44, as the control cells. 
The expression level of heat-shock proteins, HSP27, HSP60 and HSP70, in the shipped cells are 
also comparable to the control cells, suggesting the surviving keratinocytes in culture recovered 
from the cold temperature during shipping. This is the first study to demonstrate viability and culture 
characteristics of keratinocytes derived from shipped skin tissue. Our results suggest that shipping 
tissue in a high-serum medium maintains viability of the keratinocytes and allows their subsequent 
cultivation. Therefore, this method could benefit keratinocyte biologists and facilitate collaborations 
and the sharing tissues from transgenic mice.    
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High-glucose cultivated peripheral blood mononuclear cells reduced keratinocytes mobility 
partly through IL22-regulated MMP3 expression
C Lan,1,2 S Huang1 and G Chen1 1 Department of Dermatology, Kaohsiung Municipal 
Ta-Tung Hospital, Kaohsiung Medical University, Kaohsiung, Taiwan and 2 Department 
of Dermatology, College of Medicine, Kaohsiung Medical University, Kaohsiung, Taiwan
Impaired wound healing is one of the major complications in patients with diabetes mellitus. 
It is known that inflammatory cells contribute to the re-epithelization process. Peripheral blood 
mononuclear cell (PBMC) derived growth factors and cytokines may contribute to the initiation 
and propagation formation of new tissue in wound conditions. We hypothesized that high-glucose 
cultivated PBMCs are dysfunctional in terms of their reparative capacity for stimulating proper 
keratinocyte migration. The effects of PBMC cultivated under different glucose conditions on kera-
tinocyte migration and metalloproteinase (MMP) expressions were evaluated, and the potential 
regulatory factors released by PBMCs were determined. High-glucose treated PBMC derived super-
natants significantly reduced keratinocytes migration. The decreased mobility was associated with 
down-regulation of MMP3 expression. Interluekin (IL)-22 is a regulatory factor for MMP3 expression. 
High-glucose treatment reduced IL-22 expression of PBMC, and treating keratinocytes with IL-22 
binding protein decreased the keratinocytes migration as well as MMP3 expression. Using diabetic 
animal model, the wounded skin derived from diabetic rats also demonstrated reduced MMP3 
expression as compared to control. In addition, the macrophages derived from diabetic rats also 
showed reduced IL-22 expression as compared to control. In summary, high-glucose environment 
decreased the IL-22 release from PBMC that significantly reduced MMP3 expression and decreased 
the migration capacity of keratinocytes. These findings provide a new insight for impaired wound 
healing in diabetic patients.    
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Thy-1 (CD 90) – A crucial surface marker controlling the balance between fibroblast prolif-
eration and differentiation
M Schmidt,1 D Gutknecht,1 J Simon,1 B Eckes,2 U Anderegg1 and A Saalbach1 1 Department 
of Dermatology, Venerology and Allergology, Medical Faculty of Leipzig University, Leipzig, 
Germany and 2 Department of Dermatology, University of Cologne, Cologne, Germany
Thy-1 (CD90) has been described as a cell-cell adhesion molecule mediating the interaction of 
myeloid cells and melanoma cells to activated endothelial cells (ECs). In contrast to ECs, Thy-1 is 
constitutively expressed on fibroblasts. However, the functional role of Thy-1 on dermal fibroblasts 
is still unknown. In this study, we investigated the effect of Thy-1 expression on dermal fibroblast 
proliferation and differentiation using fibroblasts from Thy-1 deficient mice, wild type (wt) mice 
and from mice containing loxP-flanked Thy-1 genes and a tamoxifen inducible Cre recombinase 
(Col1α2-CreERT). We demonstrate that a lack of Thy-1 resulted in a significantly higher prolifer-
ation rate, less cellular senescence and apoptosis compared to wt fibroblasts. In contrast, Thy-1 
+/+ fibroblasts displayed a more differentiated phenotype reflected by an enhanced ability to con-
tract free-floating collagen lattices as well as an increased synthesis of the myofibroblast marker 
α-smooth muscle actin (αSMA), collagen and the ED-A splice variant of fibronectin (ED-A FN). 
The increased proliferation of Thy-1-/- fibroblasts was completely abolished by seeding Thy-1 
-/- fibroblasts on immobilized recombinant Thy-1. Moreover, this Thy-1 interaction with Thy-1 
-/- fibroblasts promotes the production of αSMA, collagen and ED-A FN. Additionally, transfection 
of the human Thy-1-negative fibrosarcoma cells HT1080 with Thy-1 down-regulated proliferation. 
During wound healing proliferation of dermal fibroblasts is a central key step. In full thickness 
wounds Thy-1 deficient mice revealed more proliferating cells compared to wt mice. In summary, 
beside its function as a cell-cell-adhesion molecule on activated endothelial cells, Thy-1 controls 
the proliferation and differentiation of fibroblasts, which is critical during wound healing and in 
the development of fibroblast-derived tumours.    
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MiR-31 regulates a gene network involved in keratinocyte activation, migration and 
differentiation
KA Clay,1 L Luan,1 H Loomans,2 CD Andl2 and T Andl1 1 Vanderbilt University, Nashville, 
TN and 2 Surgery, Vanderbilt University, Nashville, TN
miR-31 is a microRNA associated with normal and pathological processes in the skin that involve 
the activation of keratinocytes. Whether it is wound healing, hair growth induction, psoriasis, 
photoaging or carcinogenesis, miR-31 is strongly induced in the wake of all these events. To 
determine the role of this microRNA in this diverse set of conditions, we set out to identify its 
target gene spectrum since microRNA function is defined by their post-transcriptional modulation 
of mRNA stability and translation. To achieve inhibition of target genes, microRNAs have to direct 
the RNA-induced silencing complex (RISC) to specific mRNAs. Using mice overexpressing miR-31 
and in vitro experiments, we identified a core set of miR-31 target genes. To better understand their 
relationship, we established a network of interactions with key components LATS2/YAP1, ARHGEF2 
and STK40. These genes regulate keratinocyte growth and migration. Suppression of LATS2 leads 
to loss of YAP1 expression identifying a novel mechanism of Hippo pathway regulation. However, 
although siRNA mediated loss of YAP1 expression induced keratinocyte migration, suppression of 
LATS2 did not. This indicates that the intricate relations between the miR-31 target genes have to be 
fine-tuned to allow keratinocytes to respond properly to environmental cues. These cues either tell 
them to migrate, proliferate, produce cytokines, for example during wound healing. Consequently, 
dysregulation of miR-31 expression in vivo in mouse epidermis can result in impaired wound 
healing. Our results support a role of miR-31 in modulating the interactions between its key target 
genes in order to define the appropriate response of keratinocytes to external stimuli with STK40 as 
a regulator of cytokine production, LATS2/YAP1 regulators of growth and migration, and ARHGEF2 
involved in migration and mechanical stress sensing.    
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Characterization of the basal cell layer of squamous epithelia and their stem cell niche: the 
role of TGFbeta
G LeBras,2 H Loomans,2 KA Clay,1 CD Andl2 and T Andl1 1 Medicine, Vanderbilt University, 
Nashville, TN and 2 Surgery, Vanderbilt University, Nashville, TN
Hallmarks characterizing stem cells are longevity, quiescence, a specialized niche and self-re-
newal. However, applying these features to the epidermis has not been helpful in defining a stem 
cell population. In striking contrast to the epidermis, the basal cell layer of human non-epidermal 
squamous epithelia exhibit all of these characteristics and therefore are sometimes referred to 
as the reserve cell layer. The basal cell layer of human oral mucosa rarely shows expression of 
proliferation markers such as Ki-67, which are found predominantly restricted to the parabasal cell 
layer. We determined markers of the basal and parabasal cell layer to define the stem cell layer. 
Markers identified in the human oral mucosa are highly enriched for TGFbeta-regulated genes. 
Indeed, treatment of organotypic cultures of human keratinocytes with TGFbeta induced a set of 
“reserve cell markers” supporting the notion that TGFbeta is a key regulator of squamous epithelial 
stem cells. Examination of these markers in the epidermis revealed the same TGFbeta signature. 
Targeted disruption of key a component of TGFbeta signaling, Tgfbr2, combined with deletion of 
E-cadherin promoted tumorigenesis in mouse squamous epithelia consistent with stem cell acti-
vation and stem cell exhaustion leading to hyperproliferative but thin oral mucosa. Furthermore, 
our analysis revealed additional key components of the squamous epithelial stem cell program. 
Specific aspects of epigenome organization and Hippo signaling are involved in the maintenance 
of the stem cell compartment. Take together, our results indicate that TGFbeta and Hippo signaling 
are key features of squamous epithelial stem cells and may explain the frequent disruption of these 
pathways during squamous epithelial carcinogenesis. Our findings also highlight the fundamental 
differences in the organization of epidermis and oral mucosa explaining the difficulties to pin down 
epidermal stem cells.    
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Topical recombinant extracellular Hsp90α treatment surpasses conventional growth factor 
therapies to promote acute and diabetic wound healing in pigs
K O’Brien, A Bhatia, F Tsen, M Chen, A Wang, DT Woodley and W Li Dermatology and the 
Norris-Comprehensive Cancer Center, University of Southern California, Los Angeles, CA
Diabetic foot ulcers are the leading cause of hospitalization for diabetes and are linked to the 
most non-traumatic lower limb amputations in the US. The currently available treatments are 
either supportive cares or weakly effective therapeutics. A main reason is the lack of adequate 
preclinical animal models that share similar skin wound healing mechanisms as humans and are 
able to reproduce the diabetes-associated defects seen in diabetic human wounds. Pig skin wound 
healing is widely regarded similar to human skin wound healing. Nevertheless, neither a stan-
dardized healthy pig model for wound healing nor a diabetic pig model with characteristics of 
diabetes, most importantly, a hyperglycemia-associated delay in skin wound healing, has been 
available. In this study, we have established a normal pig wound healing model and a diabetic pig 
wound healing model with features of human diabetes and delayed wound healing for therapeutic 
studies. In normal pigs, treatment of FDA-approved becaplermin gel (platelet-derived growth fac-
tor-BB) showed undetectable efficacy, whereas a single application of recombinant F-5 fragment of 
Hsp90α strongly accelerated pig wound closure. In diabetic pigs, while both becaplermin gel and 
F-5 promoted wound healing, the F-5-treated wounds showed less inflammation, better organized 
connective tissue and more blood vessel formation than becaplermin gel-treated wounds. Using 
isolated diabetic pig and human skin cells, we found that these cells have significantly decreased 
motility, essential for wound repair to ensue, in comparison with non-diabetic pig and human cells. 
Furthermore, while both pig and human cells use the cell surface LRP-1 (LDL Receptor-related 
Protein-1) to mediate the F-5 signaling, a dramatic difference in motility between pig and human 
cells in response to F-5 or PDGF-BB suggest that F-5 is far more effective than becaplermin gel in 
treating human diabetic wounds.    
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Translating research to practice: A tale of timolol and wounds
R Isseroff, S Dahle, H Lev-Tov, C Tchanque-Fossuo and L Nguyen Dermatology, UC, Davis, 
CA
Translating bench science discoveries to generate new treatment options for patients is often a 
long and costly process. The process can be shortened, and some regulatory and funding obsta-
cles avoided, by using already FDA-approved drugs and forgoing intellectual property or com-
mercialization. The current off-label usage of timolol for healing chronic wounds demonstrates 
this approach. The serendipitous discovery by our group in 2006 that beta 2 adrenergic receptor 
(B2AR) antagonists increase keratinocyte migration speed nucleated our subsequent in vitro work. 
Specifically, our bench work demonstrated that B2AR antagonists improve keratinocyte wound 
repair, increase dermal fibroblast migration, collagen I and smooth muscle actin accumulation, 
and increase angiogenesis. Subsequent in vivo studies in murine wound models demonstrated 
that B2AR antagonists improve wound re-epithelialization in both acute and burn wounds, and in 
impaired healing wound models. First, we discovered that injured keratinocytes themselves, and 
indeed the wound itself, yield the B2AR ligands epinephrine and norepinephrine. Second, these 
wound-generated catecholamines further impair healing by cross activating Toll-like receptors 
resulting in the production of the pro-inflammatory mediator IL-6, that increases neutrophil dwell 
time in the wound, thus exacerbating the inflammatory environment. Finally, this cascade of events 
is reversed by B2AR antagonists. Success using the already FDA-approved topical formulation of the 
B1/2AR antagonist, timolol (indicated for ocular instillation in glaucoma) as an off-label therapy for 
chronic wounds has been reported in 2013 by our group and others in case reports and case series. 
It is also been shown to improve the healing of ulcerated hemangiomas in children. The timeline 
from bench discovery to bedside therapeutic in this case is 7 years, a considerably shorter timeline 
than the development cycle for a new drug. Clinical trial (investigator-initiated) to provide a high 
level of evidence is the next step in promulgating wider usage of this potential novel approach to 
improving healing in chronic wounds    
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Direct comparison of Er:YAG laser and bipolar radiofrequency combined with infrared diode 
laser in acne scar treatment: Different expression of TGFβ isoforms may have association 
with different efficacy between ablative laser and nonablative laser
S Min,1,2 J Yoon,1,2 S Park,1,2 H Kwon1,2 and D Suh1,2 1 Department of Dermatology, Seoul 
National University College of Medicine, Seoul, Republic of Korea and 2 Acne and Rosacea 
Research Laboratory, Seoul National University Hospital, Seoul, Republic of Korea
In general, the efficacy of non-ablative laser for acne scar treatment has been considered to be infe-
rior to that of ablative laser. However, there has never been direct comparison between ablative laser 
and non-ablative laser in acne scar. This study was performed to compare the efficacy and safety 
of ablative Er:YAG laser and non-ablative bipolar radiofrequency combined with diode laser for 
acne scar. Moreover, molecular changes of cytokine profile were evaluated to suggest mechanisms 
of scar improvement. Twenty-two subjects with mild to moderate acne scars were treated by two 
sessions of 2940-nm Er:YAG laser and a bipolar radiofrequency combined with diode laser (BRDL) 
at four-week interval in a split-face manner. Objective and subjective assessments were performed 
at baseline, 1, 3, 7 days after each treatment and 4 weeks after last treatment. Skin biopsies for 
investigation of molecular profile of acute skin changes by laser through immunohistochemistry and 
RT-PCR were conducted. Fractional Er:YAG showed higher efficacy with erythema lasting average 
7 days. Two treatment modalities induced collagen deposition, whereas type I collagen and type 
III collagen expression was up-regulated after Er:YAG and BRDL respectively. Higher expression of 
TGFβ1, TGFβ2 and TGFβ3 after Er:YAG compared to BRDL treatment may be associated with the 
expression of different collagen type. RT-PCR confirmed similar pattern of TGFβ isoforms. Er:YAG 
provided superior efficacy compared to BDRL. Efficacy may be associated with different expression 
of TGFβ isoforms resulting in deposition of different types of collagen according to the treatment. 
BRDL showed better safety than Er:YAG thereby increasing the convenience related to procedure.   
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Macrophage-mediated regulation of adipogenesis during skin wound repair
B Shook and V Horsley Yale University, New Haven, CT
Efficient regeneration of skin after injury is essential to restore the skin’s protective barrier against 
external pathogens and is often defective in diabetic and aging patients. We have identified that 
the activation and regeneration of adipocyte precursor cells (APs) is essential for the regulation of 
skin regeneration by mediating the recruitment of fibroblasts into skin wound beds. The absence of 
adipogenesis after injury leads to a loss of dermal integrity and wound recurrence. While regulation 
of APs has been examined in other adipose depots, mechanisms controlling AP activation during 
dermal repair are unknown. Here, we identify macrophages as mediators of AP activation during 
skin wound healing in mice. Genetic and pharmacological depletion of macrophages during the 
proliferative phase of wound healing abrogates repopulation of perilipin+ adipocytes within the 
wound bed via a reduction in AP cell number and proliferative rate. Analysis of mRNA expression 
by APs during their activation in the skin revealed several cell surface receptors capable of binding 
known macrophage secreted ligands, suggesting that macrophages influence adipogenesis in the 
skin via directly signaling to AP cells. Given the importance of adipocyte regeneration during skin 
wound healing, the cellular and molecular mechanisms that regulate the regeneration of dermal 
adipocyte precursor cells may be useful clinical targets for chronic wounds.    
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Mutant Abcc6-/- mouse as a model for heterotopic ossification following thermal injury
T Price, Q Li and J Uitto Dermatology and Cutaneous Biology, Jefferson Medical College, 
Philadelphia, PA
Heterotopic ossification (HO), abnormal formation of bone inside soft tissues, is a sequela of deep 
partial or full thickness burns ≥30% of total body surface area (TBSA), and 10% of patients suffer 
significant functional impairment. Historic animal models are scarce. The Abcc6-/- mutant mouse is 
a well-established model for pseudoxanthoma elasticum (PXE), a heritable ectopic mineralization 
disorder. We demonstrate that this mouse can serve as a model for HO. Abcc6-/- mice were sepa-
rated into 2 groups (n=15) and a 30% TBSA wound created on the dorsum of selected mice. They 
consumed an “acceleration diet,” with high phosphorus and low magnesium, previously shown 
to enhance mineralization in Abcc6-/- mice. At 7, 28, and 56 days, select mice underwent micro 
computed tomography (μCT), and then sacrifice for calcium quantification, immunohistopathol-
ogy, energy dispersive X-ray and protein assay. 14 mice survived the procedure. One mouse was 
diagnosed with right lower extremity (RLE) HO by μCT on post procedure day (PPD)#7, the earliest 
diagnosis in recorded literature. 100% of burn mice sacrificed on PPD#28 and 56 developed HO: 
4 in the back soft tissue and 1 in the RLE. Findings were verified by calcium assay with a p value 
approaching significance (p=0.08). All mice developed mineralization of the dermal sheath of 
vibrissae, a characteristic feature of Abcc6-/- mice, but clear acceleration was noted in burn mice. 
HO is a sequela of thermal injury with a paucity of murine models. In this study, we have estab-
lished the Abcc6-/- mutant mouse to be a valid model for the characterization of HO. The adoption 
of an “acceleration diet” allows for rapid development of this complication (PPD#7) that typically 
develops over several weeks. Further studies will utilize this mouse model to identify the potential 
pathomechanisms and serve as a platform for development of preventative and treatment strategies 
for HO after thermal injury.    
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The role of AKR1C3-mediated metabolism of prostaglandin D2 in keloid fibrosis
A Mantel,1 A Newsome,1 T Joseph,1 E Clark1 and M Katdare1,2 1 Hampton University Skin 
of Color Research Institute, Hampton University, Hampton, VA and 2 Dermatology, Eastern 
Virginia Medical School, Norfolk, VA
Keloids (KD) are dermal fibrotic tumors often presented with debilitating and pruritic conditions, 
disproportionately prevalent in individuals of African, Hispanic and Asian descent. KD pathology 
is characterized by excessive disorganized deposition of extracellular matrix proteins, elevated 
number of fibroblasts, myofibroblasts, and mast cells (MC). Stimulated MC secrete the proinflam-
matory prostaglandin D2 (PGD2), which gets converted into two bioactive metabolites, 15ΔPGJ2 
and 9α11βPGF2. Chemically unstable PGD2 spontaneously gets converted into 15ΔPGJ2, while 
presence of enzyme aldo-keto reductase 1C3 (AKR1C3) catalyzes its reduction into stable metabolite 
9α11βPGF2. We noted abundant stimulated MC in KD fibrotic lesions in proximity to myofibro-
blasts. Additionally strong expression of AKR1C3 was observed in KD compared to normal skin. To 
elucidate and evaluate the role of stimulated MC and AKR1C3 in KD pathogenesis, we utilized KD 
fibroblast CRL1762 cell line. We investigated the expression and activity of AKR1C3 and effects of 
PGD2, 15ΔPGJ2 and 9α11βPGF2 on proliferation of CRL1762 cells. These cells express high levels 
of profibrotic proteins and ~30% cells exhibit αSMA-positive stress fibers, not detected in normal 
dermal fibroblasts. CRL1762 cells converted exogenous PGD2 to 9α11βPGF2, a response that was 
dose dependently attenuated by 2’-hydroxyflavanone, a specific inhibitor of AKR1C3. Proliferation 
of CRL1762 cells was attenuated in response to exogenous PGD2 and 15ΔPGJ2, while no effect 
was observed by 9α11βPGF2. Treatment with 15ΔPGJ2 induced oxidative stress in CRL1762 cells, 
evident by detection of reactive oxygen species and P38MAPK activation. Activated MC observed 
in KD lesions may play a significant role in KD fibrosis by regulating proliferation of fibroblasts. 
Our data suggests pharmacological inhibition of AKR1C3 may result in elevated levels of 15ΔPGJ2 
in KD microenvironment leading to decreased fibrosis.    
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Morphogenetic potential of transplanted dermal papillae in full-thickness wounds – Insight 
into wound-induced hair follicle neogenesis
A Astrowski,1 V Shastrova,1 X Astowskaja1 and M Plikus2 1 Grodno State Medical University, 
Grodno, Belarus and 2 Developmental and Cell Biology, University of California, Irvine, 
Irvine, CA
Typically, hair follicles (HFs) form only once in a lifetime during the process of embryonic skin 
morphogenesis. However, recent studies show that in the center of large wounds many new HFs 
can form de novo. This phenomenon of wound-induced HF neogenesis (WIHN) implies that cells 
in the wound’s center acquire enhanced plasticity and/or necessary signals to launch HF morpho-
genesis. To better understand plasticity and signaling aspects of HF neogenesis, we developed a 
novel experimental wound model. Large 1cm2 full thickness wounds were generated on the back 
of laboratory rats. Contraction and cell ingrowth from the edges were prevented by implanting a 
plastic chamber. Autologous vibrissa dermal papillae (DPs) were transplanted onto the wound 
bed. Simultaneously, autologous interfollicular epidermis was obtained via vacuum suction and 
transplanted on top of the DPs, leading to re-epithelialized wound. Transplanted DPs and epider-
mis often engaged in morphogenetic interactions. Epidermis often became hyper-proliferative and 
enveloped the DP. However, immunohistochemistry confirmed that these interactions failed to 
induce new HF. To verify that transplanted DPs maintained their inductive abilities in our model, 
we substituted epidermis for split-thickness skin containing upper segments of pelage HFs. In this 
combination, vibrissa-like HFs were induced when DPs came in contact with epithelial cells of 
amputated HFs. No HFs regenerated by split-thickness skin alone. Our results suggest that by itself 
the inductive signal, such as in form of transplanted DPs, is not sufficient to initiate de novo HFs 
from epidermis. We posit that unlike the WIHN model, vacuum-separated epidermis used in our 
system did not go through re-epithelialization repair, and that re-epithelialization is essential for 
epidermal cells to acquire greater morphogenetic plasticity.    
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Generation of induced pluripotent stem cells from revertant mosaic keratinocytes
N Umegaki-Arao,1 AM Pasmooij,3 M Itoh,1 JE Cerise,1 Z Guo,1 A Gostynski,1 MF Jonkman3 
and A Christiano1,2 1 Dermatology, Columbia University, New York, NY, 2 Genetics and 
Development, Columbia University, New York, NY and 3 Dermatology, University of 
Groningen, Groningen, Netherlands
Revertant mosaicism (RM) is a naturally occurring phenomenon involving spontaneous correc-
tion of a pathogenic mutation in a somatic cell. It has been observed in several genetic diseases, 
including epidermolysis bullosa (EB), a group of inherited skin disorders characterized by blistering 
and scarring. The therapeutic potential of induced pluripotent stem cells (iPSCs) has recently been 
demonstrated from patients with various diseases. Recently, genome-editing technologies were 
developed toward iPSC-based cell and gene therapies, however, technical difficulties remain such 
as deleterious genomic modifications due to the gene targeting process. Here, we demonstrate the 
feasibility of generating of patient-specific iPSCs from revertant keratinocytes of a junctional EB 
patient with compound heterozygous COL17A1 mutations. Revertant-iPSCs were generated from 
keratinocytes cultured from healthy area of skin and confirmed the authenticity of revertant-iPSCs 
by RT-PCR and immunostaining for stem cell markers. Sequence analysis of revertant-iPSCs showed 
the paternal COL17A1 mutation in exon 51 (p.R1226X), but the maternal mutation in exon 18 
(c.1706delA) was corrected by mitotic gene conversion. Importantly, keratinocytes derived from 
revertant-iPSCs (revertant-iPS-KC) expressed type XVII collagen (Col17) by immunostaining. Gene 
expression profiling showed the strong similarity of revertant-iPS-KC compared to the original 
revertant keratinocytes. We also generated in vitro 3D skin equivalents using revertant-iPS-KC, 
in which Col17 was strongly expressed in the basal layer, as well as type VII collagen, keratin 5, 
keratin 14, desmoplakin, desmoglein 3 and loricrin, in a differentiation dependent manner. We 
have demonstrated the feasibility of utilizing revertant keratinocytes as a source of spontaneously 
corrected cells for developing revertant-iPSCs-based therapeutic approaches in EB.    
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Differential expression of Dsg2 is important in epidermal structure and function
F Cooper, A Overmiller, A Loder, D Brennan-Crispi, KP McGuinn and MG Mahoney 
Dermatology and Cutaneous Biology, Philadelphia, PA
The expression of desmosomal cadherins is highly regulated resulting in differentiation- and tis-
sue-specific patterns. The biological significance of the cadherin strata-specificity is not fully under-
stood. Desmoglein 2 (Dsg2) is ubiquitously expressed but restricted to the basal cell layer in the 
interfollicular epidermis. To elucidate the significance of Dsg2 expression, we used two different 
promoters, cytokeratin 14 (K14) and involucrin (Inv), to direct the expression of the Flag tagged Dsg2 
to the proliferative basal and the differentiating superficial layers of the epidermis, respectively. We 
previously showed that Inv-Dsg2 transgenic (Tg) mice exhibited hyperplasia, increased susceptibility 
to chemical induced carcinogenesis, and in some animals, spontaneous tumor development. Here 
we characterized the K14-Dsg2 Tg mice. Transgene expression was confirmed by immunoblotting 
(IB) and immunofluorescence (IF) using antibodies to Flag and Dsg2. IB confirmed Dsg2-Flag at 
all time points but interestingly, discrete cell-cell border staining was not detected by IF until day 
14. Similar to the Inv-Dsg2 mice, the K14-Dsg2 mice exhibited enhanced activation of several 
mitogenic signaling pathways including MAPK, NFκβ, and PI3K/Akt. However, a skin phenotype 
was not evident, suggesting that the epidermal compartment to which Dsg2 is expressed plays an 
important role in modulating cell fate. While epidermal homeostasis appeared to be unaffected, 
perturbation by wounding, which requires basal cell activation, demonstrates the importance of 
Dsg2. Full-thickness wounds were generated using 4 mm punch biopsies in WT (n=13) and K14-
Dsg2 Tg (n=15) mice. The rate of wound closure was dramatically increased in the Tg mice with 
28.8% wound closure after one day compared to WT with only 5.2% closure (p≤0.05). Comparison 
of our Tg models reveals a differential effect of Dsg2 on epidermal morphogenesis. These results 
provide insights into the observed upregulation of Dsg2 in blistering diseases such as pemphigus.   
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Effects of a plant extract on wound healing: Cell proliferation and migration assays
M Zarei,1 W Lee2 and J Li1 1 Dermatology & Cutaneous Surgery, University of Miami Miller 
School of Medicine, Miami, FL and 2 Ophthalmology, University of Miami, Miami, FL
A tropical plant, code name Sach, has been used by native Amazonian for injuries. In this study, its 
effects on wound healing in cell proliferation and migration were evaluated using primary human 
fibroblasts. The plant extract solutions were prepared by diluting in 2% FBS DMEM medium. A 
7-day cell proliferation assay was performed in triplicate using 1% leaf-extract, 1% stem-extract, 
and control (2% FBS DMEM). Both leaf and stem showed better impact compared to control starting 
from second day, while stem extract was the best. Based on the results, another 7-day cell prolifer-
ation assay was performed using 1% and 2% stem extracts, baseline (2% FBS DMEM) and positive 
controls (5% FBS DMEM). From day 3 both stem extracts showed better impact on cell proliferation 
compared to baseline control (P<0.05), and similar results with positive control. Cell counts were 
11.7×, 11×, 8.4×, and 10.5×/ml for 1% stem, 2% stem, baseline and positive controls, respectively. 
On day 7, cell counts were 14.3x, 13.7×, 9.3×, and 15.4×/ml for 1% stem, 2% stem, baseline and 
positive controls, respectively (x=10000/ml). Triplicate cell scratch migration assays were performed 
for the leaf and stem extracts (diluted in DMEM) compare to control (DMED). Cells were treated 
with 10μg/μl Mitomycin C for 2 hours prior to scratch to inhibit cell proliferation, and cell migration 
was recorded by photographing under microscope at 0, 6 and 24 hours. The percentages of gap 
filling were calculated to measure cell migration ability. In the stem group, the gap filling rates were 
significantly higher compared with control at hour 6, 10%, 10.8%, 9% and 6.8% for 0.5%, 1%, 
2 % of stem extracts and control, respectively. At hour 24 the rates were 56.4%, 58.1%, 47.4% 
and 46.9% for 0.5%, 1%, 2 % of stem extracts and control, respectively. There were no significant 
effects with leaf extracts. Our results showed significant stimulating effects of Sach stem extracts on 
cell proliferation and migration which are two important components of wound healing process.   
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Prolonged inflammation correlates with induction of pyroptosis in healing impaired diabetic 
foot ulcers
O Stojadinovic, A Sawaya, R Kirsner and M Tomic-Canic Department of Dermatology and 
Cutaneous Surgery, University of Miami Miller School of Medicine, Miami, FL
Prolonged inflammation is known feature of non-healing chronic wounds. Presence of inflammation 
in diabetic foot ulcers (DFUs) coupled with tissue inability to mount a proper immune response 
renders patient’s wound healing-incompetent. Yet, mechanisms central to prolonged inflammation 
contributing to healing incompetency remain undefined. A highly inflammatory form of cell death, 
pyroptosis, triggered by danger signals leads to inflammasome activation resulting in formation of 
a supramolecular assembly of ASC dimers, pyroptosome. Subsequent activation of caspase-1 leads 
to cell lysis, release of inflammatory cytokines and prolonged inflammation. We hypothesized 
that pyroptosis plays a role in prolonged inflammation present in DFUs. To test our hypothesis we 
collected specimens of twelve DFUs at initial visit and 4 weeks after standard of care and utilized 
normal and diabetic foot skin as controls. Histology assessment of DFUs reviled the increase of 
hole-like structures indicative of cell lysis. Pyroptosis was quantified using Western blot by chemical 
cross-linking of the ASC-pyroptosome and AIM2 inflammasome activation. We found induction of 
ASC-pyroptosome assembly and AIM2 inflammasome activation in DFUs compared to controls. 
To ascertain if presence of pyroptosis correlates with increased inflammation we assessed IL1 and 
found significant increase in DFUs. We assessed presence of apoptosis by caspase-3 activation 
and epidermal necrosis by histology. Neither apoptosis nor necrosis were present in tested DFUs. 
To evaluate if pyroptosis correlates with healing outcomes as measured by planimetry at week 4, 
we utilized Western blot. We found increased pyroptosome assembly and AIM2 inflammasome 
activation in healing- impaired compared to healing- competent DFUs. Herein, our data support 
the first evidence of induction of pyroptosis in healing- impaired DFUs. This induction correlates 
with increased IL-1, contributes to prolong inflammation and the inhibition of healing in DFUs.   
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Integrin α3β1 in the epidermis regulates fibulin-2 expression, epidermal adhesion and assem-
bly of the basement membrane during cutaneous wound healing
WM Longmate,1 R Monichan,1 M Chu,2 T Tsuda,3 MG Mahoney2 and CM DiPersio1 1 Center 
for Cell Biology & Cancer Research, Albany Medical College, Albany, NY, 2 Department 
of Dermatology & Cutaneous Biology, Thomas Jefferson University, Philadelphia, PA and 
3 Nemours Biomedical Research & Nemours Cardiac Center, Alfred I. duPont Hospital for 
Children, Wilmington, DE
Deficient epidermal adhesion is a hallmark of chronic wound pathogenesis and implicates integrins 
as potential therapeutic targets. Integrin α3β1, a major receptor for cell adhesion to laminin-332 
(LN-332), is upregulated in epidermis during cutaneous wound healing. LN-332 is deposited by 
keratinocytes as they migrate over the provisional matrix of the wound bed, and it is proteolytically 
processed as it is incorporated into new basement membrane (BM). Using epidermis-specific α3 
knockout mice, we identified a novel role for α3β1 in promoting stability of nascent BM through 
induction of fibulin-2, a matrix-associated protein that binds LN-332. Adult mice lacking α3β1 in the 
epidermis display ruptured BM beneath neo-epidermis of healing wounds, which leads to blistering 
at the epidermal-dermal junction. This blistering is similar to that which occurs in newborn α3-null 
mice, as well as in human patients with mutations in the ITGA3 gene that encodes the α3 subunit, 
suggesting that the developmental role of α3β1 in BM organization is recapitulated during wound 
healing. Mice lacking epidermal α3β1 also show reduced fibulin-2 in skin, and fibulin-2-null mice 
display perinatal skin blisters similar to those seen in α3-null mice. Moreover, both α3β1-deficient 
wound epidermis in vivo and α3-null keratinocytes in culture display impaired processing of the 
LN-332 γ2 chain. Our findings indicate a novel role for α3β1 in BM stability through fibulin-2 
induction during cutaneous wound healing and in developing skin. These findings suggest that 
stimulation of integrin α3β1 may be a useful therapeutic strategy to promote wound healing.    
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Fibroblast growth factor signaling in wound-induced hair follicle neogenesis
P Holler,1 O Kwon,1 Z Zhang,1 DM Ornitz2 and G Cotsarelis1 1 Dermatology, University 
of Pennsylvania, Philadelphia, PA and 2 Developmental Biology, Washington University, 
St. Louis, MO
Fibroblast growth factors (FGFs) comprise a family of over 20 soluble proteins that bind to multi-
ple cell-surface receptors (FGFRs), leading to signaling cascades that impact many aspects of the 
development, function, and regeneration of the skin. Previous work has demonstrated that FGF9 
expressed by dermal γδ T cells and fibroblasts promotes de novo hair regeneration in adult mice in 
the wound-induced hair follicle neogenesis (WIHN) model. Herein, we have extended our inves-
tigations of the FGF signaling axis in the WIHN model using a variety of genetic systems to ablate 
or augment the function of FGFs and FGFRs in mice. Inducible loss of FGFR2 expression in the 
epidermis resulted in decreased hair follicle neogenesis. Similarly, inducible transgenic expression of 
a soluble, dominant-negative form of FGFR2 in the epidermis inhibited WIHN. In contrast, inducible 
loss of function of epidermal FGFR1 signaling had no effect on WIHN. Traditional “knock-out” 
mice with complete loss of function of FGF7, FGF22, or FGFR3 showed no WHIN phenotype as 
compared to normal controls. These results begin to unravel the redundant and complex network 
of FGF-mediated signals that control the regeneration of hair follicles and suggest therapeutic targets 
for alopecia and other skin disorders.    
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CCBE1 is required for VEGFC-induced lymphangiogenesis in the skin
DR Enis1 and ML Kahn2 1 Department of Dermatology, University of Pennsylvania, 
Philadelphia, PA and 2 Cardiovascular Institute, University of Pennsylvania, Philadelphia, PA
The lymphatic vasculature is a critical regulator of fluid homeostasis and immune responses in the 
skin, and also serves as route for tumor metastasis. Given these significant roles, understanding of 
signals regulating lymphatic growth is an important goal. CCBE1 is a secreted protein recently shown 
to be required for lymphatic development in zebrafish and mice, and to be mutated in a generalized 
form of human lymphedema (Hennekam syndrome). The molecular function of CCBE1 remains 
unknown, and no closely-related homologous proteins have been identified. We have previously 
shown that Ccbe1-null mice lack all lymphatics, resembling mice lacking Vegfc, an essential, lym-
phatic-specific growth factor. However, the nature of any interaction between these factors remains 
undefined. Furthermore, no requirement for CCBE1 in postnatal lymphangiogenesis has yet been 
established. To study CCBE1 in postnatal animals, we generated Ub-CreERT2;Ccbe1flox/- mice in 
which Ccbe1 deletion was induced by tamoxifen administration. When Ccbe1 was deleted at birth, 
lymphatic growth in the skin was dramatically impaired at 4 weeks of age, demonstrating a role for 
CCBE1 after birth. However, when deleted in mature animals, the pre-existing lymphatic network 
remained intact. To test if CCBE1 is required for VEGFC responses by intact lymphatic vessels in 
vivo, we injected adenovirus encoding full-length VEGFC into the skin of adult-deleted postnatal 
CCBE1 KO mice and controls. BrdU was administered and the proliferative response of the lymphatic 
endothelium assessed. While littermate controls demonstrated robust proliferation, in the CCBE1 
postnatal KO, VEGFC-induced proliferation was essentially undetectable. This result demonstrates 
an absolute requirement for CCBE1 for in vivo VEGFC signaling, and suggests that CCBE1 may be 
an essential component of any strategy to therapeutically modulate lymphatic growth. Studies to 
determine the molecular basis for this CCBE1-VEGFC interaction are underway.    
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Very small embryonic-like stem cells accelerate healing and differentiate into epidermal 
and endothelial cells
V Falanga, X Lin, T Yufit, TY Sharova, A Sharov, D Fiore and P Carson Dermatology, Boston 
University, Boston, MA
Very small embryonic/epiblastic-like stem cells (VSELs) are an adult population of developmentally 
early stem cells. They express pluripotent markers. In this report, we determined the effectiveness of 
bone marrow VSELs in acclerating wound healing in a mouse model that relies on epithelialization 
from the wound margins and minimal if any contraction. We have developed a contraction-free 
unique tail wound mouse model, using a dorsal lungitudinal excision (0.3X1.0 cm) down to fascia 
and 1.0 cm from the mouse body. We used C57BL/6 female mice, and isolated VSELs from autolo-
gous or GFP+ syngeneic strains. The cell sorting, from direct bone marrow preparations, was based 
on VSELs being lineage negative, Sca-1 positive, and CD45 negative. We found that wound resur-
facing was accelerated 20-30% by VSELs applied in a fibrin spray, compared to fibrin/no treatment 
alone. Healing acceleration took place within the first 7 days, and continued throughout (p<0.01) 
and with a minimal (400 or 2,500) number of cells per wound. In contrast, up to 500,000 autologous 
mesenchymal stem cells (MSCs) were required for a similar effect. New hair follicles appeared in 
the area of wounding and under the wounded surface with the application of VSELs but not MSCs. 
Interestingly, allogeneic VSELs had a similar acceleration of epidermal resurfacing as autologous 
VSELs, suggesting paracrine effects or very early stimulation by the VSELs. Immunofluorescence 
showed GFP+ epidermal strands closing the wound, and endothelium-like structures in GFP- syn-
geneic strains. We conclude that VSELs are at least partially pluripotent, and may differentiate into 
epidermal and endothelial structures in a full-thickness skin injury model. They are highly effective 
in accelerating wound healing, and in a small numbers.    
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Potential skin rejuvenating effect of chondroitin sulfate
J Lee,1 I Bae,1 S Park,1 H Koh,1 J Choi,2 Y Park,1 M Park1 and W Park1 1 Medical Beauty 
Research Division, Amorepacific Co., Yongin-si, Republic of Korea and 2 R&D team, 
Pacificpharma Co., Anseong-si, Republic of Korea
Chondroitin sulfate (CS) is a member of sulfated glycosaminoglycan composed of a chain of alter-
nating sugars. CS functions as a component of proteoglycans, forming the intricate extracellular 
matrix. CS was known to be involved in the wound healing, playing an important role particularly 
in remodeling phase. In the skin, decreased collagenesis is as the obvious age-related changes as 
increased degradation of collagen and many efforts have been made to rejuvenate aged skin. Here, 
we introduced the effect of CS as potential skin rejuvenating material. In in vitro, CS stimulated 
significantly proliferation and migration of fibroblasts in a dose-dependent manner. It was also con-
firmed that CS induced collagenesis. Then, we investigated skin rejuvenating effect of CS in in-vivo 
12 weeks-UVB irradiation hairless mice skin aging model approved by PacificPharm Institutional 
Animal Care and Use Committee (IACUC). With UVB-irradiation, three time-intradermal injection 
of CS into skin alleviated the depth of wrinkles and protected transdermal water loss. Histological 
evaluation confirmed that the density of collagen fibers was increased and the abnormal dermal 
mucinous change induced by UVB was remarkably reduced in CS-treated group. It was also con-
firmed that the mRNA expression of collagen from biopsied skin samples was increased by treatment 
of CS. Taken together, the results presented here suggest that CS could have a potential effect of 
skin rejuvenating by stimulating collagen synthesis.
